INTRODUCTION {#sec1-1}
============

Diabetes mellitus (DM) is a group of metabolic disorders in which the blood sugar is higher than normal level either because the production of insulin is not enough (type 1 DM) or the cells do not properly respond to the insulin (type 2 DM).\[[@ref1]\]

According to a report from World Health Organization, about 220 million people have type 2 DM. Its incidence is increasing rapidly, and it is expected to increase to more than 365 million by 2030.\[[@ref2]\] DM occurs throughout the world. However, it is more common in the more developed countries. It is noteworthy that the highest increase in prevalence is expected to occur in Africa and Asia.\[[@ref3]\] The increase in incidence in developing countries follows the trend of urbanization and lifestyle changes, perhaps most importantly a "Western-style" diets.\[[@ref3]\]

Other than currently available therapeutic options, there are a lot of herbal medicines, which have been recommended for the treatment of DM,\[[@ref4][@ref5]\] hyperlipidemia\[[@ref4][@ref5][@ref6][@ref7]\] and other cardiovascular risk factors.\[[@ref4][@ref5][@ref6][@ref7][@ref8][@ref9]\]

Herbal medicines have long been used for the treatment of DM. This is because such herbal plants have hypoglycemic properties and other beneficial effects. Herbal medicines have the advantage of usually having no or less side-effects.\[[@ref10][@ref11]\] Most of these plant have antioxidant activities\[[@ref12][@ref13]\] and hence, prevent or treat hard curable diseases, other than having the property of combating the toxicity of toxic\[[@ref14][@ref15]\] or other drugs.\[[@ref16][@ref17][@ref18][@ref19]\] In this review other than presenting new findings of DM the plants which are used for the treatment of DM are introduced.

DIFFERENT FORMS OF DIABETES MELLITUS {#sec1-2}
====================================

There are several types of DM, three main types of them are type 1, type 2 and gestational diabetes. Type 1 diabetes mellitus "juvenile diabetes or insulin-dependent diabetes mellitus" results from the pancreas failure to produce insulin, and requires the patients to use insulin. Type 2 DM "adult-onset diabetes or noninsulin-dependent diabetes mellitus results from insulin resistance, a condition in which cells cannot use insulin properly. Gestational diabetes occurs when pregnant women develop a high blood glucose level without a previous diagnosis of diabetes. This kind of diabetes may precede the development of type 2 DM. Other forms of DM include steroid diabetes induced by high doses of glucocorticoids, congenital diabetes, which is due to genetic defects of insulin secretion, cystic fibrosis-related diabetes, and several forms of monogenic diabetes.\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6][@ref7]\]

DIABETES MELLITUS COMPLICATIONS {#sec1-3}
===============================

The patients with DM are at increased risk of complications such as peripheral vascular disease, retinopathy, nephropathy, neuropathy, coronary heart disease. The exact causes of type 2 diabetes are still need to be clear.\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6][@ref7]\] DM increases the risk of complications, which may develop after 10-20 years, however, may be the first symptom in patients who have not diagnosed before that time. The major long-term complications are related to damage to blood vessels. DM approximately doubles the risk of cardiovascular diseases. The main "macro-vascular" diseases are peripheral vascular disease, angina, myocardial infarction and stroke.\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6][@ref7][@ref20]\]

Diabetes mellitus damages the capillaries causing micro-angiopathy. Diabetic retinopathy, which affects blood vessel in the eye retina, causes visual symptoms including reduced vision and blindness.\[[@ref21][@ref22][@ref23]\] Diabetic nephropathy usually leads to changes in the kidney tissue, loss of progressively larger amounts of protein in the urine and chronic kidney disease.\[[@ref21][@ref22][@ref23][@ref24]\]

Diabetic neuropathy commonly causes tingling, numbness and pain in the feet. It also increases the risk of skin damage due to altered sensation. Vascular complications in the legs contribute to the risk of diabetes-related foot problems such as diabetic foot ulcers that might be difficult to treat and occasionally require amputation.\[[@ref5][@ref21][@ref22][@ref23][@ref24]\]

Compared to the subjects without diabetes, those with the disease have about 1.5-fold greater rate of deficit in cognitive function, and herbal medicines with hypoglycemic activities have been shown to counteract this complication.\[[@ref21][@ref22][@ref23][@ref24][@ref25][@ref26]\]

DIABETES MELLITUS PATHOGENESIS {#sec1-4}
==============================

The cause of diabetes depends on the type of DM. Type 1 is, at least in part, inherited. It may also be triggered by certain toxins or infections. In patients susceptibility to some of these triggers a genetic element has been traced to particular HLA genotypes. However, even in patients genetically susceptible, type 1 DM usually requires an environmental trigger. In contrast to type 1 DM in which its onset is unrelated to lifestyle, type 2 DM is primarily due to lifestyle factors other than genetics. The most important lifestyle factors, which are known to be involved in the development of type 2 DM include: Urbanization, poor diet, lack of physical activity, stress, and obesity or body mass index of \>30.\[[@ref1][@ref2][@ref3][@ref4]\]

Dietary factors also seem to have influence on development of type 2 DM. Consumption of drinks sweetened in excess increases the risk of type 2 DM. Trans fatty acids and saturated fats also increase the risk. In contrast monounsaturated and polyunsaturated fat decrease the risk.\[[@ref1][@ref5][@ref27][@ref28]\] Lack of exercise dramatically increases the risk of cases.\[[@ref1][@ref5][@ref27][@ref28]\]

DIABETES MELLITUS MANAGEMENT {#sec1-5}
============================

There is no known cure for DM except in very specific situations. Management of DM concentrates mostly on keeping blood sugar to normal levels as possible, which is usually accomplished with exercise, diet, and use of appropriate medications.\[[@ref1][@ref5][@ref27][@ref28]\]

The complications of diabetes are less common and less severe in patients who have well-managed blood sugar levels. Therefore, patient participation is vital. The goal of treatment is keeping an HbA1C level of 6.5%, however, it should not be less than that.\[[@ref1][@ref5][@ref27][@ref28][@ref29]\] Attention should also be paid to other factors which may accelerate the deleterious effects of diabetes, including elevated cholesterol level, obesity, high blood pressure, smoking, and lack of regular exercise.\[[@ref27][@ref28][@ref29]\]

Several lines of medications are used in the treatment of MD \[[Table 1](#T1){ref-type="table"}\]. The current used therapies for type-2 DM include sulfonylureas, biguanides, inhibitors of a-glucosidase, thiazolidinediones, and inhibitors of dipeptidyl peptidase-4. Metformin is generally used as first line treatment for type 2 DM, as it has shown to decrease mortality rate.\[[@ref30]\] When blood sugar is very high and insulin is used in type 2 diabetes, usually a long-acting drug is added initially, while continuing oral medications Type 1 DM is typically treated with synthetic insulin and usually a combination of regular and NPH insulin.\[[@ref30]\]

###### 

Oral anti-diabetic drugs currently available for the treatment of diabetes mellitus
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The available synthetic drugs for the treatment of DM mostly are expensive and produce serious side effects \[[Table 1](#T1){ref-type="table"}\]. Hence, safer and more effective anti-diabetic drugs are urgently needed. Nowadays medicinal plants with antioxidant activity have been on the focus of the researchers for their hypoglycemic activities\[[@ref31]\] or for reduction of the side-effects of hypoglycemic drugs.\[[@ref31][@ref32][@ref33]\]

ANTIOXIDANT AND OTHER THERAPIES {#sec1-6}
===============================

As the pathogenesis of DM involves oxidative stress, antioxidant therapies should have a potential value in its treatment. Many trials in animal models of diabetes and diabetic patients have attempted to determine the role of antioxidant therapy on prevention or treatment of diabetes complications.\[[@ref32][@ref33][@ref34]\]

Furthermore, significant increase in endogenous prooxidant activity and decrease in antioxidants has been shown to contribute to the oxidative stress in diabetes. A marked decrease in glutathione peroxidase (GSHPx) and superoxide dismutase (SOD) activities have been reported in diabetic animals.\[[@ref30][@ref31][@ref32][@ref33][@ref34]\] Treatment with probucol, which has antioxidant activity resulted in a significant improvement in myocardial activities of catalase, SOD and GSHPx (antioxidant enzymes) providing evidence that diabetic cardiomyopathy was associated with an antioxidant deficit.\[[@ref30][@ref31][@ref32][@ref33][@ref34][@ref35]\] Overexpression of catalase in STZ-treated transgenic mice attenuated the onset of diabetic complications, indicating the therapeutic potential of catalase.\[[@ref32][@ref33][@ref34][@ref35][@ref36]\]

Several pharmacologic agents effective in reducing diabetic mortalities have been shown to have antioxidant activities. For example, 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors, angiotensin-converting enzyme (ACE) inhibitors or statins have beneficial effects on diabetic patients\[[@ref30][@ref31][@ref32][@ref33][@ref34][@ref35][@ref36][@ref37]\] that may involve antioxidant effects. Interestingly, ACE inhibitors, which act partially to prevent the prooxidant effects of angiotensin II, were shown to prevent the onset of type 2 diabetes.\[[@ref32][@ref33][@ref34][@ref35][@ref36][@ref37][@ref38]\] Vitamin E supplementation has been associated with a significant decline in protein oxidation, lipid peroxidation and enhancement in the antioxidant defense system. Vitamin E may promote beneficial effects on diabetic complications through the attenuation of oxidative stress.\[[@ref35][@ref36][@ref37][@ref38][@ref39]\]

Peroxynitrite and other reactive species can also induce oxidative DNA damage. Inhibitors of specific components of ROS-sensitive signaling cascades such as CGP53353 and ruboxistaurin, which are specific inhibitors of protein kinase C, are able to attenuate hyperglycemia-induced vascular cell adhesion molecule-1 expression and nuclear factor-kappa-B activation in human aortic endothelial cells.\[[@ref30][@ref31][@ref32][@ref33][@ref34][@ref35][@ref36][@ref37][@ref38][@ref39][@ref40]\]

Coenzyme Q10, a lipid-soluble antioxidant, has been shown to scavenge superoxide and improve endothelial function in diabetes. Caffeic acid phenethyl ester (CAPE), a flavonoid-like compound, has an ameliorating effect on oxidative stress in cardiac tissue via its antioxidant property, indicating that CAPE should be considered for preventing oxidative stress in the diabetic heart.\[[@ref36][@ref37][@ref38][@ref39][@ref40][@ref41]\]

Medicinal plants with antioxidant activities have also been shown to be protective in diabetic rats by scavenging oxygen free radicals and decreasing the expressions of intercellular cell adhesion molecule-1 protein.\[[@ref35][@ref36][@ref37][@ref38][@ref39][@ref40][@ref41][@ref42]\]

CLINICAL PERSPECTIVES OF ANTIOXIDANT THERAPY {#sec1-7}
============================================

Despite several experimental studies suggesting beneficial effects antioxidants in reduction of diabetes complications, results from clinical trials on beneficial effects of traditional antioxidants such as Vitamin E or C have been disappointing.\[[@ref40][@ref41][@ref42][@ref43]\] A meta-analysis of clinical trials, studying Vitamin E therapy suggests that the use of high-dose Vitamin E (greater than 400 IU/day) may actually increase mortality;\[[@ref41][@ref42][@ref43][@ref44]\] however, this finding has been questioned.\[[@ref42][@ref43][@ref44][@ref45]\] Zinc and melatonin in combination with a regularly used metformin have been shown to significantly reduce fasting glucose and glycated hemoglobin levels in patients with type 2 diabetes.\[[@ref43][@ref44][@ref45][@ref46]\] However, not all studies supported this notion. Several studies indicated no improvement in the glucose metabolism in either type 1 or type 2 diabetic patients after zinc treatment.\[[@ref44][@ref45][@ref46][@ref47]\]

These contradictory results may have emerged from a variety of factors, such as patient diversity and zinc speciation.

Although initial studies have suggested that antioxidant supplementation might promote health, however, large clinical trials declared no benefit and even suggested that excess supplementation with certain antioxidants might be harmful.\[[@ref40][@ref41][@ref42][@ref43][@ref44][@ref45][@ref46][@ref47][@ref48]\] From the literature review it might be concluded that supplementation with single antioxidant may not be beneficial, but the diets high in antioxidants (fruits and vegetables) are nearly always useful. The possible explanation is that, in fruits and vegetables there are mixture of antioxidants and it is well recognized that they work as a continuous chain, while supplementation is usually given using one or two substances. Therefore, the antioxidant chain is not completely available.\[[@ref40][@ref41][@ref42][@ref43][@ref44][@ref45][@ref46][@ref47][@ref48]\] In this situation, after scavenging free radicals, if an antioxidant is not restored by the following suitable antioxidant in the chain, it begins to be a pro-oxidant. Hence, the final effect of such supplementations would be no effect or damaging.\[[@ref40][@ref41][@ref42][@ref43][@ref44][@ref45][@ref46][@ref47][@ref48][@ref49]\] Therefore, in antioxidant therapy complimentary antioxidants cannot always substitute the fruits and vegetables high in antioxidants. However, consumption of vegetable and fruits as well as medicinal plants with high antioxidant content is recommended.\[[@ref40][@ref41][@ref42][@ref43][@ref44][@ref45][@ref46][@ref47][@ref48][@ref49][@ref50]\]

MEDICINAL PLANTS WITH ANTI-DIABETIC ACTIVITIES {#sec1-8}
==============================================

The results of the studies suggest a trend towards the benefit of consuming vegetables and fruits consumption in DM.\[[@ref48][@ref49][@ref50][@ref51]\] Several studies examining dietary patterns and incidence of type 2 diabetes have also shown that vegetables and fruits are important components of the dietary patterns associated with a decreased risk of type 2 diabetes.\[[@ref48][@ref49][@ref50][@ref51][@ref52]\]

A possible benefit of vegetables and fruit is from their antioxidant components and thus a contribution to reduction of systemic oxidative stress.\[[@ref50][@ref51][@ref52][@ref53]\] Vegetables and fruits have been shown to contain high concentrations of antioxidants, which might reduce the risk of diabetes especially type 2 DM. Vegetables and fruits are also good sources of α linolenic acid, an omega 3 polyunsaturated fatty acid.\[[@ref49][@ref50][@ref51][@ref52][@ref53][@ref54]\]

Medicinal plants also have played an important role in the management of DM, worldwide \[[Table 2](#T2){ref-type="table"}\]. Medicinal plants have a long history in the treatment of diseases. In traditional medicine, about 800 plants are used for the treatment of DM.\[[@ref50][@ref51][@ref52][@ref53][@ref54][@ref55]\]

###### 

Anti-diabetic plants
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With rapid advancement of technologies and the increase in research on anti-diabetic plants, many new herbs and their active principles have been discovered which may lead us to develop novel anti-diabetic agents to supplement the current chemotherapies. Jung *et al.* (2006) reviewed the hypoglycemic effects of several plants with anti-diabetic properties, as well as the plants by-products discovered during 2001-2005 having anti-diabetic actions.\[[@ref55][@ref56][@ref57]\] In this paper, the newly identified anti-diabetic plants (2005-2013) are summarized in [Table 2](#T2){ref-type="table"}, in which the reliable hypoglycemic plants are included. Although in many cases these agents have the same mechanism as synthetic agents act, however, some of them may act with a different way. These probable mechanisms should be evaluated when searching new agents and their mechanisms of actions.

DISCUSSION AND CONCLUSION {#sec1-9}
=========================

Medicinal plants have a long history in the treatment of diseases including DM.\[[@ref50][@ref51][@ref52][@ref53][@ref54][@ref55]\] The beneficial effects of medicinal plants in DM have been confirmed in several studies.

In this paper, the newly identified anti-diabetic plants (2005-2013) were summarized in [Table 2](#T2){ref-type="table"}. Although in many cases the mechanism actions of these agents were presented and it was shown that they may have the same mechanism as synthetic agents act, however, the exact mechanism action of these drugs are poorly established. Hence, more works are needed to realize the exact mechanisms of these plants.

A possible mechanism and benefit of medicinal plants is from their antioxidant activities. Most of medicinal plants with anti-diabetic property possess antioxidant activity.\[[@ref50][@ref51][@ref52][@ref53]\] In this regards, it has been confirmed that vegetables and fruits, in comparison to synthetic antioxidants, are more effective and are able to decrease the risk of DM.\[[@ref48][@ref49][@ref50][@ref51][@ref52]\]

It has been shown that under stressful conditions free radicals are over-produced, inducing oxidative stress. Oxidative stress occurs when there is an imbalance between free radical formation and antioxidant defense capacity.\[[@ref139][@ref140][@ref141][@ref142][@ref143]\] This oxidative stress usually causes or exacerbates chronic hard curable diseases such as diabetes,\[[@ref144][@ref145][@ref146][@ref147][@ref148]\] hypertension,\[[@ref149][@ref150]\] cardiovascular\[[@ref151][@ref152][@ref153]\] cancer,\[[@ref154][@ref155][@ref156]\] cognitive diseases,\[[@ref157][@ref158][@ref159][@ref160]\] and pain\[[@ref161][@ref162][@ref163][@ref164][@ref165]\] or exacerbation of some other diseases like infectious disorders.\[[@ref166][@ref167][@ref168][@ref169][@ref170][@ref171][@ref172]\]

Although, in some cases, synthetic antioxidants have also been effective in reduction of DM, however, in contrast to natural antioxidants, synthetic antioxidants usually produce side effects such as toxicity. Hence, preparation of natural products with antioxidant activities with property to prevent and treat free radical-associated diseases is essential.\[[@ref172][@ref173][@ref174]\] Other than the plants which were introduced here, a lot of other plants have antioxidant activities.\[[@ref175][@ref176][@ref177][@ref178][@ref179][@ref180][@ref181]\]

These plants have drawn much attraction because they have protective or curative properties against most of hard curable diseases such as cognitive deficit, memory impairment, cancer, and cardiovascular diseases which have been attributed to their antioxidant activities.\[[@ref182][@ref183][@ref184][@ref185][@ref186][@ref187][@ref188][@ref189][@ref190]\] Therefore, they also might be effective on DM.
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